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Abstract: This work deals the construction of novel soliton
solutions to the Atangana—Baleanu (AB) fractional system
of equations for the ion sound and Langmuir waves by
using Sardar-subequation method (SSM). The outcomes
are in the form of bright, singular, dark and combo soliton
solutions. These solutions have wide applications in the
arena of optoelectronics and wave propagation. The bright
solitons will be a vast advantage in controlling the soliton
disorder, dark solitons are also beneficial for soliton com-
munication when a background wave exists and singular
solitons only elaborate the shape of solitons and show a
total spectrum of soliton solutions created from the model.
These results would be very helpful to study and under-
stand the physical phenomena in nonlinear optics. The
performance of the SSM shows that this is powerful,
talented, suitable and direct technique to discover the
exact solutions for a number of nonlinear fractional
models.

Keywords: Sardar-subequaion method, system of ISALWs
with AB fractional derivative, soliton solutions

1 Introduction

Recently, the exploration of novel results of nonlinear
fractional differential equations (NLFDEs) has become
much interested for many researchers in different fields
of physical sciences. The analysis of such models plays a
significant role to understand the everyday physical phe-
nomena in nonlinear evolution equations. These models
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may have great impact in many fields of science as well as
plasma physics, fluid dynamics, optical fibers, solid-state
physics and biology. Therefore, it has become a very hot
issue to search wave solutions for such type of equations
for well understanding of their internal structures. Many
analytical and numerical approaches have been developed
to discover wave solutions such as homogenous balance
method [1], Kudryashov’s method [2], tanh method [3],
modified extended tanh-function method [4], sine-cosine
method [5], extended and improved F-expansion method [6],
Backlund transformation method [7,8], inverse scattering
method [9], truncated Painleve expansion method [10],
variational method [11], asymptotic method [12], Hirota’s
bilinear method [13-17], homotopy perturbation method
[18], method of integrability [19], soliton perturbation theory
[20], generalized Darboux transformation method [21], He’s
semi-inverse variational method [22], variational the sine-
Gordon expansion (SGE) method [23], new extended direct
algebraic method [24-26], modified EDAM [27], mapping
method [28], generalized Riccati equation mapping method
and (G'/G)-expansion method [29], sine-Gordon method
and Kudryashov method [30], modified Kudryashov method
[31,32], generalized auxiliary equation method [33], Jacobi
elliptic function method [34], g-homotopy analysis method
[35], kernel Hilbert space method [36], reproducing kernel
method [37-39] and Laplace transform method [40]. The
target of this work is discovering some novel soliton solutions
for a system of ion sound and Langmuir waves (ISALWs)
with AB fractional-order derivative by using Sardar-subequa-
tion method (SSM) [41].

This article is structured as follows: Section 2 con-
tains the governing model. SSM is described in Section 3.
Section 4 consists of optical solitons solutions of system
of equations for ISALWs with AB fractional derivative
using SSM. Section 5 contains results and discussion,
while conclusion of this work is written in Section 6.

2 Governing model

A system of ISALWs with AB fractional-order derivative
defined for a = 1 [42] is given as
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where n and Ee""' are the perturbation using normalized
density and the normalized electric field, respectively,
connected with the Langmuir waves [42]. The variables
y and t are normalized and the AB fractional operator is
tABRDa % with order a € (0, 1) in direction ¢, then the AB
fractional derivative is defined as [43,44]

{ABRDEf(¢) = w(“) d ff( X)E ( —alt - "‘) ) 2

where Z,(.) is the Mittag—Leffler function, taken as
—a \S
- (—a(t - a)“) B DZO: (l—a> (-y)®
Eq =
1-a 40

I'(as + 1)
and @(a) is a normalization function. Then, the AB frac-
tional operator for f(t) converts

;D(a) 2(1— ) RLISF(H).  (4)

3

tABRDAf(¢) =

The Langmuir waves arise as coherent field structures with
peak intensities beyond the Langmuir downfall thresholds.
Their scale sizes are of the order of the wavelength of an ion
sound wave. These Langmuir waves physically show the
short wavelength ion sound waves which are created during
the thermalization of the burnt-out cavitons left behind
by the Langmuir collapse. Likewise, the highest intensities
of the experiential short wavelength ion sound waves are
comparable to the predictable intensities of those ion sound
waves emitted by the burnt-out cavitons.

3 The SSM

Let the fractional partial differential equation

ap ’p
H| tABRDEp, £, tABRD2p, =L | = o,
( P o P 32 ) )

t>0, 0<ac<l,

where H is an unknown function [41]. Using the fol-
lowing transformation to (5)

O, t) =p), {=x+ k(1 - a)ts

C@Y(~1%

a)sl“(l - as)’ (6)
k # 0.
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Using (6) into (5), which converts to non-linear ODE as
Qp,p',p",..) =0, @)
assume that (7) takes the solution as
S .
p({) = Y Bidi(), (8)

j=0

where B;(0 < j < S) are constants to be determined later.
@({) simplifies the non-linear ODE as follows:

(@) = € + cP{) + PXL), )

where ¢ and € are constants and (9) admits the solu-
tion as
Case 1: When ¢ > 0 and € = 0, then

@7({) = +,/=cpgsechpy(Vc{),
D@3(§) = £ /cpg cschyg(VC)),
where
2 2

————, csch = .

sech =
chpye($) pe( N

Case 2: When c < 0 and € = 0, then
D3({) = +,/=cpq secpg(v/=C (),
D3(() = + /PG CSCp(N=CL),
where

2t

sec() = e

7 CSCpqe({) =

pe’ + ge” ge

Case 3: Whenc < Oande¢ = Z—Z, then

D) = i\/gtanhpq(\/g(),
DE() =+ E cothpq( —g {),

D) =+ —% (tanhyy(V=2c{) + 1/pgsechy,(v/-2¢()),
D) =+ —% (COthpq(\/—_ZC(:) + \/p_qCSChpq(\/—_ZC()),

D5({) =+ \/%(tanhpq(\/%() + COthpq(\/%()]’

where

pe’b + ge ™’

pel —ge’t
tanh, ==——"— coth = )
pe(§) = T pa(§) = e — ge<

pe
Case 4: Whenc > O and ¢ = %, then
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D)=+, tanpq(g (),
D) = J_r\/g cotpq(\/gc),

D) = iE (tany,(V2C{) + JBG seco(VZE0),
o) = ig (COty(VZEL) + FGCSCog(NZEO),

D) = J_r\/g( tanpq(\/g() + cotpq(\/gC)),

where

pel( qe i«

. pe‘4 +qe ¥
pe’ +

tanp,({) = - pe’( - qe”f'

7 cotyy(§) =

3.1 Mathematical analysis

This section deals the capability of the proposed scheme
for solving (1), assuming that

E(x, t) = p(Oe%, n(x, t) = v({),

u=dox+ 6(1 — a)t=s
@y (——) T - as) 10)
Coyx+ (1 - o)t

C@y.” (——) Ta - as)
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On splitting (12) into imaginary and real parts as follows:
ﬂ - ky s (13)

and integrating twice (12) with respect to {, we obtain

 , 2 5
V= = s 14
T2 - y2p k% - lp (1)
Inserting (13) and (14) into (11), finally results in
. 4 5 kK2+26
- - =0 15
yie-nt Ty P =
or
2
o = k? + 26 4 P = 0. (16)

v Ty

3.2 Application of the SSM

Here, SSM is utilized for the solutions of (16). Using bal-
ancing method in terms of p” and p3 in (16), we obtain
S =1, so (8) converts to

p({) = By + B1D({),

where By and B; are constant terms to be calculated.
Finally, inserting (17) into (16) by the fact that (9) is
admitted to adjust all coefficients of ®¥({) to zero, we reach
a class of algebraic systems, on solving it, and obtain

17

where § and 7 are constants. Then, by putting (10) into (1) _ 2
1+ k%y
we obtain the following: Bp=0, B = 2 8)
1
%yzp” +1(1 + ky)p' - 0.5k +28)p - vp =0, (11) 6= E(—kz +cy?).
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J- 2 .
nis(x, t) = Ky + /pgceschy,| V| yx + LAl (22)
V2 C(a)z (——) I(1 - as)
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Case 2: When c < 0 and € = 0, then

Eli:3(X, t) =

nis(x, t) =

ni,(x, t) =

Case 3: Whena < 0 and € = Z—;,
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Figure 1: (a) 3D plot of (19) with k = 0.9,y = 0.87, 8 =0.3,e = 0.4, = 0.5,B=0.5,A = 1.76,c = 1.7, p = 0.95, g = 0.98. (b) 2D plot of (19)
with t = 1.
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Figure 3: (a) 3D plot of (27) withk = 0.8,y = 0.79,8 = 0.1, = 0.6,a = 0.5B = 0.8,A = 1.75,c = 1.8,p = 0.95,q = 0.98. (b) 2D plot of (27) with t = 1.
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Figure 4: (a) 3D graph of (31) with k= 0.9,y =0.83,3=0.2,e=0.4,a0=0.5,B=0.6, A=175c¢=14,p =0.95g = 0.98. (b) 2D plot of

(31) witht=1.

4 Results and discussion

The results of this article will be valuable for researchers
to study the most noticeable applications for a system of
ISALWs with AB fractional derivative. Figures 1-5 clearly
reveal the surfaces of the solution acquired for three-
dimensional (3D) and two-dimensional (2D) plots, with
selection of suitable parameters for the system of equa-
tions for ISALWs. Likewise, 3D plots provide us to model
and exhibit accurate physical behavior. Through this
study, we consider the optical soliton solutions to the
nonlinear AB fractional system of equations for ISALWs
by using the SSM. The author proposed different analytic
approaches in newly issued article and reported some

@

fascinating findings. The author can understand from
all the graphs that the SSM is very effectual and more
specific in assessing the equation under consideration.
In this article, we only added specific figures to avoid
overloading the article. For graphical representation of
the model under consideration, the physical behavior of
(19) using the appropriate values of parameters k = 0.9,
y=0.87, =03, €=0.4, a=0.5, B=0.5, A=176,
c=17,p=0.95g=0.98 and t = 1 is shown in Figure 1,
the physical behavior of (23) using the appropriate values of
parameters k = 0.8, y = 0.85, f =0.2, £ = 0.5, a = 0.5,
B=07,A=175¢=17,p=0.95,qg=098 and t=1is
shown in Figure 2, the physical behavior of (27) using the
proper values of parameters k = 0.8, y = 0.79, B = 0.1,

(b)
p o o
| 1) L
I 1y I
b H 1
| | |
| Ly L
! ;I :I
I [ |
| L I
oo
1 o ™
| ,'I ,'|
|
\ |

Vo o \\

\ / \ / \/
0 5 10

Figure 5: (a) 3D graph of (42) withk=0.7,y = 0.84,8=0.2,e = 0.6, = 0.5,B= 0.7, A=174,c = 1.7, p = 0.95,g = 0.98. (b) 2D plot of

(42) with t = 1.
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€=0.6, a=05, B=0.8, A=175, c=18, p=0.95,
g = 0.98 and t = 1 is shown in Figure 3, the absolute beha-
vior of (31) using the proper values of parameters k = 0.9,
y=0.83, =02, e=0.4, a =05, B=0.6, A=175,
c=14, p=0.95 g=0.98 and t =1 is shown in Figure
4. the physical behavior of (42) using the proper values of
parameters k = 0.7, y = 0.84, §=0.2, € = 0.6, a = 0.5,
B=07,A=174,c=17,p=0.95,4g=098and t =11is
shown in Figure 5. Further, Figures 1 and 2 represent the
solutions of (19) and (23) which are bright and periodic
singular, respectively. Figures 3 and 4 interpret the solu-
tions of (27) and (31) which are dark and combined dark-
bright solitons, respectively. Figure 5 gives the solution of
(42) which is combined periodic-singular soliton. Here, the
physical structures of the ISALW model are represented
under the act of the considered motive force because of
the high-frequency field and for Langmuir wave which
will support in the study of plasma physics and the influ-
ence on rambling structures. These ionic sound waves in
plasma are different from the ordinary sound waves in gas.

5 Conclusion

In this article, we have discovered novel soliton solutions
as well as trigonometric and hyperbolic functions solu-
tions for the system of ISALWs with AB fractional deriva-
tive using the SSM. The obtained solutions are in the form
of bright, dark, singular and combo solitons. The bright
soliton solutions have a huge advantage in controlling
the soliton disorder, and dark solitons are also beneficial
for soliton communication when a background wave is
existing. Although singular soliton solutions are only ela-
borated, the shape of solitons shows a total spectrum of
soliton solutions created from the model. Furthermore,
these novel solutions have many applications in physics
and other branches of applied sciences. As far as we know
the solutions discovered for under consideration model are
fresh and unique. From results, we determine that the SSM
is efficient, appropriate and dominant for NLFDEs.

Acknowledgements: The authors would like to express
their sincere thanks to the Department of Mathematics,
University of Management and Technology Lahore,
54770, Pakistan.

Funding information: The authors state no funding involved.
Author contributions: All authors have accepted respon-

sibility for the entire content of this manuscript and
approved its submission.

DE GRUYTER

Conflict of interest: The authors state no conflict of
interest.

References

[1] Fan E, Zhang H. A note on the homogeneous balance method.
Phys Lett A. 1998;246:403-6.

[2] Rehman HU, Ullah N, Imran MA. Highly dispersive optical
solitons using Kudryashov’s method. Optik. 2019;199:163349.

[3] Ullah N, Rehman HU, Imran MA, Abdeljawad T. Highly disper-
sive optical solitons with cubic law and cubic-quintic-septic
law nonlinearities. Result Phys. 2020;3(17):103021.

[4] El-Horbati MM, Ahmed FM. The solitary travelling wave solu-
tions of some nonlinear partial differential equations using the
modified extended tanh function method with Riccati equa-
tion. Asian Res ] Math. 2018;8(3):1-13.

[5] Wazwaz AM. A sine-cosine method for handling nonlinear
wave equations. Math Comput Model. 2004;40:499-508.

[6] Xue-Qin Z, Hong-Yan Z. An improved F-expansion method and
its application to coupled Drinfel’d-Sokolov-Wilson equation.
Commun Theor Phys. 2008;50(2):309.

[71 Chen SJ, Ma WX, Lu X. Backlund transformation, exact solu-
tions and interaction behaviour of the (3+1)-dimensional
Hirota-Satsuma-Ito-like equation. Commun Nonlinear Sci
Numer Simul. 2020;83:105135.

[8] Lu X, Lin F, Qi F. Analytical study on a two-dimensional
Korteweg-de Vries model with bilinear representation, back-
lund transformation and soliton solutions. Appl Math Model.
2015;39(12):3221-6.

[9] Chen HH, Lee YC, Liu CS. Integrability of nonlinear Hamiltonian

Systems by inverse scattering method. Phys Scr. 1979;20:3-4.

Yin-Long Z, Yin-Ping L, Zhi-Bin L. A connection between the

G’/ G-expansion method and the truncated Painleve expansion

method and its application to the mKdV equation. Chin Phys B.

2010;19(3):030306.

[11] Abdel-Gawad HI, Osman MS. On the variational approach for

analyzing the stability of solutions of evolution equations.

Kyungpook Math ). 2013;53(4):661-80.

Marinca V, Herisanu M, Bota C, Marinca B. An optical homo-

topy asymptotic method applied to the steady flow the fourth-

grade fluid past a porous plate. Appl Math Lett.
2009;22:245-51.

Chen SJ, Yin YH, Ma WX, Lu X. Abundant exact solutions and

interaction phenomena of the (2+1)-dimensional YTSF equa-

tion. Anal Math Phys. 2019;9(4):2329-44.

Hua YF, Guo BL, Ma WX, Lii X. Interaction behavior associated

with a generalized (2+1)-dimensional Hirota bilinear equation

for nonlinear waves. Appl Math Model. 2019;74:184-98.

[15] Yin YH, Ma WX, Liu )G, Lu X. Diversity of exact solutions to a

(3+1)-dimensional nonlinear evolution equation and its

reduction. Comput Math Appl. 2018;76(6):1275-83.

Lu X, Ma WX. Study of lump dynamics based on a dimension-

ally reduced Hirota bilinear equation. Nonlinear Dyn.

2016;85(2):1217-22.

[17] Gao LN, Zhao XY, Zi YY, Yu J, Lu X. Resonant behavior of mul-
tiple wave solutions to a Hirota bilinear equation. Comput
Math Appl. 2016;72(5):1225-9.

(10]

(12]

(13]

(14]

(16]



DE GRUYTER

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

He JH. The 8omotopy perturbation method for nonlinear oscilla-
tors with discontinuities. Appl Math Comput. 2004;151:287-92.
Liu JG, Yang XJ, Feng YY. On integrability of the time fractional
nonlinear heat conduction equation. ] Geom Phys.
2019;144:190-8.

Biswas A, Yildirim A, Hayat T, Aldossary OM, Sassaman R. Soliton
perturbation theory for the generalized Klein-Gordon equation
with full nonlinearity. Proc Roman Acad. 2012;13:32-41.

Chen SS, Tian B, Sun Y, Zhang CR. Generalized Darboux
transformations, rogue waves, and modulation instability for
the coherently coupled nonlinear Schrodinger equations in
nonlinear optics. Ann Phys. 2019;531(8):1900011.

Sassaman R, Heidari A, Biswas A. Topological and non-topo-
logical solitons of nonlinear Klein—-Gordon equations by Heas
semi inverse variational principle. J Franklin Inst.
2010;347:1148-57.

Ali KK, Osman MS, Abdel-Aty M. New optical solitary wave
solutions of Fokas-Lenells equation in optical fiber via Sine-
Gordon expansion method. Alex Eng J. 2020;59:1191-6.
Rehman HU, Imran MA, Bibi M, Riaz M, Akgiil A. New soliton
solutions of the 2D-chiral nonlinear Schrodinger equation
using two integration schemes. Math Methods Appl Sci.
2020;44:5663-82. doi: 10.1002/mma.7140.

Rezazadeh H. New solitons solutions of the complex Ginzburg-
Landau equation with Kerr law nonlinearity. Optik. 2018;167:218-27.
Rezazadeh H, Mirhosseini-Alizamini SM, Eslami M,
Rezazadeh M, Mirzazadeh M, Abbagari S. New optical solitons
of nonlinear conformable fractional Schrodinger-Hirota equa-
tion. Optik. 2018;172:545-53.

Lu D, Seadawy AR, Arshad M. Elliptic function solutions and tra-
velling wave solutions of nonlinear Dodd-Bullough-Mikhailov,
two-dimensional Sine-Gordan and coupled Schrodinger-KdV
dynamical models. Results Phys. 2018;10:995-1005.

Rehman HU, Saleem MS, Zubair M, Jafar S, Latif I. Optical
solitons wit Biswas-Arshed model using mapping method.
Optik. 2019;194:163091.

Akinyemi L, Senol M, Rezazadeh H, Ahmad H, Wang H.
Abundant optical soliton solutions for an integrable (2+1)-
dimensional nonlinear conformable Schrodinger system.
Results Phys. 2021;25:104177.

Akbar MA, Akinyemi L, Yao SW, Jhangeer A, Rezazadeh H,
Khater MMA, et al. Soliton solutions to the Boussinesq equa-
tion through sine-Gordon method and Kudryashov method.
Result Phys. 2021;25:104228.

Novel soliton solutions to the AB fractional system of equations for the ISALWs

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39

[40

(41]

(42]

(43]

(44]

—_— 779

Mirzazadeh M, Akinyemi L, Senol M, Hosseii K. A variety of
solitons to the sixth-order dispersive (3+1)-dimensional non-
linear time fractional Schrodinger equation with cubic-quintic-
septic nonlinearities. Optik. 2021;241:166318.

Akinyemi L, Hosseini K, Salahshour S. The bright and singular
solitons of (2+1)-dimensional nonlinear Schrodinger equation
with spatio-temporal dispersions. Optik. 2021;242:167120.
Akinyemi L, Rezazadeh H, Yao SW, Akbar MA, Khater MMA,
Jhangeer A, et al. Nonlinear dispersion in parabolic law
medium and its optical solitons. Result Phys. 2021;26:104411.
Az-Zo’biWael A, Alzoubi A, Akinyemi L, Senol M, Masaedeh BS.
A variety of wave amplitudes for the conformable fractional
(2+1)-dimensional Ito equation. Modern Phys Lett B.
2021;35(15):2150254.

Akinyemi L, Veeresha P, Ajibola SO. Numerical simulation for
coupled nonlinear Schrodinger-Korteweg-de Vries and Maccari
systems of equations. Modern Phys Lett B. 2021;35(20):2150339.
Akgiil A. A novel method for a fractional derivative with non-
local and non-singular kernel. Chaos Soliton Fractal.
2028;114:478-82.

Akgiil A. Analysis and new applications of fractal fractional
differential equations with power law kernel. Discrete Contin
Dynam Syst S. 2021;14(10):3401-17.

Akgiil A. A new application of the reproducing kernel method.
Discrete Contin Dynam Syst S. 2021;14(7):2041-53.

Akgiil A, Akgiil EK. A novel method for solutions of fourth-order
fractional boundary value problems. Fractal Fractional.
2019;3(2):33.

Akgiil EK, Akgiil A, Baleanu D. Laplace transform method for
economic models with constant proportional Caputo deriva-
tive. Fractal Fractional. 2020;4(3):30.

Rezazadeh H, Inc M, Baleanu D. New solitary wave solutions
for variants of (3+1)-dimensional Wazwaz-Benjamin-Bona-
Mahony equations. Frontier Phys. 2020;8:332.

Yajima N, Oikawa M. Formation and interaction of sonic-
Langmuir solitons: inverse scattering method. Progress
Theoret Phys. 1976;56(6):1719-39.

Atangana A Koca I. Chaos in a simple nonlinear system with
AtanganaBaleanu derivatives with fractional order. Chaos
Soliton Fractal. 2016;89:447-54.

Atangana A, Gomez-Aguilar JF. Numerical approximation of
RiemannLiouville definition of fractional derivative: from
Riemann-Liouville to Atangana—Baleanu. Numer Meth Part
Differ Equ. 2018;34(5):1502-23.



	1 Introduction
	2 Governing model
	3 The SSM
	3.1 Mathematical analysis
	3.2 Application of the SSM

	4 Results and discussion
	5 Conclusion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


